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DELAY CIRCUIT AND METHOD 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a delay circuit and a method for delaying a 
logic signal having two logic levels, high and low levels, and relates in particular to a 
technology for suppressing the dependence of the delay time on source- voltage. 

Description of the Related Art 

Conventionally, in semiconductor apparatuses, delay circuits are used for 
obtaining timing for signals that are necessary for operating various circuits. 

Figure 1 6 shows an example of a circuit structure of a delay circuit according to 
the conventional technology. 

The circuit shown in the diagram is constructed by forming an inverter chain 
using a plurality of inverters JV1-JV4, and connecting an n-MOS transistor JN1-JN4 
between the output section of each of the inverter JV1-JV4 and the ground. The gate 
terminals of the n-MOS transistors JN1-JN4 are connected to the output section of the 
respective inverters JV1-JV4, and the source and drain of the n-MOS transistors 
JN1-JN4 are connected to the ground. 



According to the delay circuit based on the conventional technology, because 
the n-MOS transistors JN1-JN4 form MOS capacitors and capacitive loads are 
connected to each of the inverters, changes in the output signals from each inverter are 
successively moderated, thereby creating delays in the signal that passes through the 
delay circuit. 

However, from the viewpoints of decreasing voltage resistance caused by 
microsizing of device structures achieved in recent years, and the desire to lower power 
consumption, it has become customary to operate internal circuits at low voltages. 
However, according to the delay circuit in the conventional technology described above, 
when the source voltage is decreased, delay times are increased excessively relative to 
the delay times in normal logic circuitries, resulting in a problem that the timing 
relationships are not satisfied for every signal. 

This problem will be explained in detail below. 

In semiconductor apparatuses such as DRAMs, address signal lines inside the 
decoder, for example, are provided over a long distance and such wiring itself exhibits 
parasitic resistance and parasitic capacitance. Figure 17 shows such a signal line SL and 
a driver D (inverter) for driving the signal line. At the forward end of the signal line SL, 
the input section of a logic gate such as NAND circuit is connected. In this diagram, 
when sending a signal from the driver D to the logic gate, the driver D drives the 



parasitic load associated with the signal line SL. In this case, the signal level in the 
signal line SL varies according to a time constant determined by the parasitic resistance 
R of the signal line SL, the output resistance of the driver itself (i.e., on-resistance of the 
driving transistor) and the parasitic capacitance C of the signal line SL. 

Here, although the on-resistance of the driving transistor comprising the driver 
D exhibits source-voltage dependency, and increases in proportion to the square of the 
source voltage when the source voltage drops, the parasitic resistance of the signal line 
does not exhibit source-voltage dependency. Generally, therefore, for those circuitries in 
which parasitic resistance of wiring represents the load, delay time for signals shows a 
tendency not to depend extensively on the source voltage. 

In contrast, in the case of the delay circuit shown in Figure 1 6, because the 
wiring connected to the output section of each inverter is short, wiring resistance does 
not exist in essence, resulting that the resistance component, that includes the MOS 
capacitance and contributes to the time constant, is dominated by the on-resistance of the 
transistor comprising each inverter. For this reason, as shown in Figure 18, the 
conventional delay circuits exhibit higher source- voltage dependency compared with 
ordinary logic circuits so that the delay times become excessive as the source voltage 
drops. The result is a shift in timing between the signal transmitted through the internal 
logic circuits and the signal transmitted through the delay circuit, which can lead to 



occasional erroneous operation of those circuits that depend on timely receiving of such 
signals. 

SUMMARY OF THE INVENTION 

The present invention is provided in view of the background situation described 
above, and it is an object of the present invention to provide a delay circuit and a method 
of delaying logic signals that do not lead to excessive increase in the delay time even if 
the source voltage drops, so as to enable to control the delay time from increasing. 

To resolve the problems described above, the present invention provides the 
following structure of the delay circuit. 

That is, the delay circuit for delaying a logic signal has two logic levels 
consisting of a low level and a high level, is comprised by an inverter chain containing 
one inverter or not less than two inverters; and a metal-oxide-semiconductor capacitor, 
known as a MOS capacitor, connected to an output section of the inverter and, when a 
logic signal having a targeted logic level is input, changes from an off-state to an 
on-state during a transition period of a signal that appears in the output section of the 
inverter. 

A delay circuit of the present invention for delaying a logic signal having two 
logic levels consisting of a low level and a high level, is comprised by an inverter chain 



containing one inverter or not less than two inverters; and a metal-oxide-semiconductor 
capacitor, known as a MOS capacitor, connected to an output section of the inverter and 
exhibiting changes in its capacitance to correspond with changes in output resistance of 
the inverter in relation to a source voltage. 

In the delay circuit, a ratio of a gate voltage range of an on-state MOS capacitor 
to a gate voltage range of an off-state MOS capacitor is proportional to an increment or a 
decrement of the source voltage during a transition period of a signal that appears in the 
output section of the inverter. 

In the delay circuit, a value of the MOS capacitor changes in a direction to 
increase its capacitance during a transition period of a signal that appears in the output 
section of the inverter. 

In the delay circuit, the MOS capacitor is a node disposed on a transmission 
path of a logic signal, and is represented by an n-MOS transistor whose gate is 
connected to a node that changes a logic level of the logic signal from a low level to a 
high level, and whose source and whose drain are fixed at a ground potential. 

In the delay circuit, the MOS capacitor is, for example, a node disposed on a 
transmission path of a logic signal, and is represented by a p-MOS transistor whose gate 
is connected to a node that changes a logic level of the logic signal from a high level to a 
low level, and whose source and drain are fixed at a ground potential. 



In the delay circuit, the MOS capacitor is, for example, a node disposed on a 
transmission path of a logic signal, and is represented by an n-MOS transistor whose 
source and drain are connected to a node that changes a logic level of the logic signal 
from a high level to a low level, and whose gate is fixed at a source voltage. 

In the delay circuit, the MOS capacitor is, for example, a node disposed on a 
transmission path of a logic signal, and is represented by a p-MOS transistor whose 
source and drain are connected to a node that changes a logic level of the logic signal 
from a high level to a low level, and whose gate is fixed at a ground potential. 

In a delay circuit of the present invention for delaying a logic signal having two 
logic levels consisting of a low level and a high level, is comprised by: an inverter chain 
containing one inverter or not less than two inverters; and a p-channel 
metal-oxide-semiconductor transistor and an n-channel metal-oxide-semiconductor 
transistor, known as MOS transistors, to comprise the inverter, wherein a gate threshold 
voltage of each gate is shifted in mutually opposing directions. 

The method of the present invention for delaying a logic signal having two 
logic levels consisting of a low level and a high level, comprises the steps of: (a) setting 
a metal-oxide-semiconductor capacitor disposed on a transmission path of a logic signal 
to an off-state in an initial stage; and (b) changing the metal-oxide-semiconductor 
capacitor to an on-state from the off-state according to a logic level of the logic signal. 



In the delay method, the metal-oxide-semiconductor capacitor changes its 
capacitance in a direction of increasing values, during a transition period of a signal that 
appears on a node connected to the metal-oxide-semiconductor capacitor and disposed 
on a transmission path of a logic signal. 

According to the present invention, the following benefits are gained. 

That is, in the present delay circuit that delays a logic signal having two logic 
levels consisting of a low level and a high level, because the delay circuit is designed in 
such a way that the delay times are different for the high and low levels and the delay 
circuitry targets a logic level having a shorter delay time as the delay target, the delay 
time is not increased excessively even if the source voltage drops, thereby suppressing 
the delay time from increasing. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figures 1 A, IB are circuit diagrams to show the structures of delay circuits in 

Embodiment 1 of the present invention. 

Figure 2A, 2B are circuit diagrams to show the structures of delay circuits in 

Embodiment 2 of the present invention. 

Figure 3 is a circuit diagram to show the structures of delay circuits in 

Embodiment 3 of the present invention. 
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Figure 4 is a circuit diagram to show the structure of a delay circuit in 
Embodiment 4 of the present invention. 

Figure 5 is a circuit diagram to show the structure of a delay circuit in 
Embodiment 5 of the present invention. 

Figure 6 is a circuit diagram to show the structure of a delay circuit in 
Embodiment 6 of the present invention. 

Figure 7 is a circuit diagram to show the structure of a delay circuit in 
Embodiment 7 of the present invention. 

Figure 8A is a circuit diagram to show the structure of a delay circuit in 
Embodiment 8 of the present invention. 

Figure 8B is a characteristic graph of the inverters used in the circuit shown in 
Figure 8A. 

Figure 9 is a circuit diagram to show the structure of a variation of the delay 
circuit in Embodiment 8 of the present invention. 

Figure 1 0 is a circuit diagram to show the structure of another variation of the 
delay circuit in Embodiment 8 of the present invention. 

Figure 1 1 is a diagram to show the operation of a pulse generation circuit in 
Embodiment 9 of the present invention. 

Figure 12 is a waveform diagram to explain the operation of the pulse 



generation circuit in Embodiment 9 of the present invention. 

Figure 13 is a characteristic diagram to explain the source-voltage dependency 
of the pulse generation circuit in Embodiment 9 of the present invention. 

Figure 14 is a circuit diagram to show the structure of a timing adjustment 
circuit in Embodiment 10 of the present invention. 

Figure 1 5 is a waveform diagram to explain the operation of the timing 
adjustment circuit in Embodiment 10 of the present invention. 

Figure 16 is a circuit diagram to show an example of the structure of the delay 
circuit according to the conventional technology. 

Figure 1 7 is a circuit diagram to show an example of the logic circuitry 
provided in a semiconductor apparatus along with the delay circuit. 

Figure 1 8 is a characteristic diagram to explain the difference in source-voltage 
dependency behaviors of the delay circuit and the logic circuit. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments will be explained in the following with reference to the 

drawings. 

Embodiment 1 

Figure 1A shows a delay circuit in Embodiment 1. 
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This delay circuit is designed to output signal OUT by delaying a logic signal 
SIN that has two logic levels consisting of low level and high level, and exhibits a 
characteristic that the delay time for a logic signal input at the high level is different than 
a logic signal input at the low level, so that the delay circuit is comprised of a delaying 
system such that, of the two logic levels (low and high logic levels) given as the logic 
levels of the logic signal SIN, the logic level targeted for delay is the one having a 
shorter delay time. In the example shown in the diagram, the high level of the logic 
signal SIN is the delay target so that the logic signal SIN is delayed when the logic 
signal SIN changes from the low level to the high level. 

The structure of the delay circuit will be explained in the following. 

As shown in Figure 1 A, this delay circuit is comprised by an inverter chain that 
includes inverters V11-V14; p-MOS transistors Pll, PI 2; and n-MOS transistors Nil, 
N12. Inverters V11-V14 are MOS devices comprised by p-MOS transistors and n-MOS 
transistors. Specifically, the source of each p-MOS transistor and n-MOS transistor that 
comprise each inverter is connected, respectively, to the power source and the ground, 
and each gate is connected in common to serve as the input section of the inverter, and 
each drain is connected in common to serve as the output section of the inverter. 

Also, p-MOS transistors PI 1, PI 2 are connected to the output section of the 
inverters VI 1, VI 3, respectively, and when a logic signal having a logic level targeted 
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for delay is input, act as the MOS capacitor that changes from the off-state to the 
on-state in the transition period of the signal that appears in the output section of the 
inverters VI 1 5 VI 3. Specifically, the gate of the p-MOS transistor PI 1 is connected to 
the output section of the inverter V 1 1 , and its source and drain are connected to the 
power source. The gate of p-MOS transistor PI 1 is connected to the output section of the 
inverter VI 3, and its source and drain are connected to the power source. 

Also, the n-MOS transistors Nl 1, N12 are connected respectively to the output 
section of the inverters VI 2, VI 4, and when a logic signal having the logic level targeted 
for delay is input, acts as the MOS capacitor that changes from the off-state to the 
on-state in the transition period of the signal that appears in the output section of the 
inverters VI 2, VI 4. Specifically, the gate of the n-MOS transistor Nl 1 is connected to 
the output section of the inverter VI 2, and its source and drain are connected to the 
ground. The gate of n-MOS transistor Nl 1 is connected to the output section of the 
inverter VI 4, and its source and drain are connected to the ground. 

Accordingly, p-MOS transistors Pll, P12 form MOS capacitors, whose gate is 
connected to a node situated on the transmission path of a logic signal SIN, where the 
logic level of the logic signal SIN changes from the high level to the low level, and 
similarly, n-MOS transistors Nil, N12 form MOS capacitors, whose gate is connected to 
a node situated on the transmission path of the logic signal SIN, where the logic level of 
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the logic signal SIN changes from the low level to the high level. That is, in 
Embodiment 1, when the delay target high level is input as the logic signal SIN, a MOS 
capacitor comprised by the p-MOS transistor is provided for the output section of the 
inverter, where the output signal changes from the high level to the low level, and a 
MOS capacitor comprised by the n-MOS transistor is provided for the output section of 
the inverter, where the output signal changes from the low level to the high level 

Here, the threshold gate voltages Vt of the p-MOS transistors PI 1 , P 1 2 and the 
n-MOS transistors Nl 1, N12 that form MOS capacitors are set higher than the threshold 
gate voltage of ordinary transistors. In the following, when it is specified as "high-Vt" in 
the present invention, it means the threshold gate voltage Vt is set higher than standard 
gate threshold voltage, and when it is specified as M low-Vt", it means that the threshold 
gate voltage Vt is set at the standard threshold gate voltage. However, the meaning of 
"high-Vt and low-Vt" is not limited to such interpretations, and may be applied to any 
two types of threshold gate voltages that can be related by their relative magnitudes. 

Further, in Embodiment 1, the high level of the logic signal SIN is selected as 
the delay target, but if the low level is to be selected as the delay target, the structure 
shown in Figure IB should be used. That is, in this case, p-MOS transistors PI 1, P12 in 
the structure shown in Figure 1A, are replaced by n-MOS transistors N21, N22, and 
n-MOS transistors Nl 1, N12 are replaced by p-MOS transistors P21 , P22. 
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In this case, p-MOS transistors P21, P22 are connected to the output section of 
the inverters VI 1 5 VI 3, respectively, and when a logic signal having the logic level (high 
level) for delay target is input, act as an MOS capacitor that changes from the off-state to 
the on-state in the transition period of the signal that appears in the output section of the 
inverters VI 1, VI 3. N-MOS transistors N21, N22 are connected to the output section of 
the inverters VI 2, VI 4, respectively, and when a logic signal having the logic level (high 
level) for delay target is input, act as an MOS capacitor that changes from the off-state to 
the on-state in the transition period of the signal that appears in the output section of the 
inverters VI 2, VI 4. 

In the following, the operation (a method for delaying logic signals) of the 
delay circuit in Embodiment 1 will be explained with reference to Figure 1 A. 

In the initial stage, the logic level of the logic signal SIN is assumed to be at the 
low level. In this case, output signal from the inverters VI 1, VI 3 is at the high level, and 
the output signal from the inverters VI 2, VI 4 is at the low level. Therefore, the MOS 
capacitors connected in the transmission path of the logic signals, i.e., p-MOS transistors 
PI 1, PI 2 and n-MOS transistors Nil, Nl 2 are in the off-state. 

Here, in the present invention, it is to be understood that the statement "MOS 
capacitor is in the off-state" means that a channel is not formed in the MOS transistor 
that comprises a MOS capacitor, and the statement "MOS capacitor is in the on-state" 
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means that a channel is formed in the transistor that comprises a MOS capacitor. 

Next, when the logic signal SIN changes from the low level to the high level at 
a given timing, the inverters VI 1-V14 respond by successively changing their output 
signals. Then, p-MOS transistor PI 1, n-MOS transistor Nil, p-MOS transistor PI 2, 
n-MOS transistor N12 which were in the off-state in the initial stage change from the 
off-state to the on-state. That is, p-MOS transistors Pll, P12 and n-MOS transistors Nil, 
N12 that function as MOS capacitors change successively from the off-state to the 
on-state. 

Because channels are not formed in the P-MOS transistors PI 1, PI 2 and in the 
n-MOS transistors Nil, N12 that function as MOS capacitors, values of the MOS 
capacitors are low; however, in the on-state, channels are formed so that the values of 
the MOS capacitors increase. Therefore, the capacitance values of the p-MOS transistors 
Pll, PI 2 and n-MOS transistors Nil, N12 that comprise the MOS capacitors change in 
the direction of increasing capacitance in the transition period of the signals that appear 
in the output section of the inverters V11-V14. 

In this case, because p-MOS transistors Pll, P12 and n-MOS transistors Nil, 
Nl 2 are in the off-state in the initial stage, delay times input in the logic signals SIN are 
shorter relative to the case of the MOS capacitor being in the on-state in the initial stage. 
In other words, this delay circuit has a characteristic that delays a logic signal SIN by 
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differing amounts at the high or low level by shortening the delay time of the logic 
signal SIN. However, the amount of reduction in delay time is limited by the delay time 
required by a high-level target logic signal. By adopting such an approach to delaying, 
the delay times input in the target logic level are contained effectively, and the 
source-voltage dependency of the delay time is controlled. 

In Embodiment 1, MOS capacitor is changed from the off-state to the on-state 
in the transition period of the target logic signal in a direction of increasing the value of 
MOS capacitor, but from another perspective, p-MOS transistors Pll, P12 and n-MOS 
transistors Nl 1, N12 that function as MOS capacitors can be said to behave in such a 
way that the capacitance values change in response to the changes in the output 
resistances of the inverters V11-V14 in association with the source voltage. For example, 
if the source voltage decreases to cause a reduction in the driving current of a transistor 
and an increase in apparent on-resistance, a value of the MOS capacitor is reduced 
relatively and an increase in the delay time is contained. 

From still another viewpoint, in the transition period of the signals appearing in 
the output section of individual inverters that comprise the delay circuit, a ratio of the 
gate voltage range whose MOS capacitor is in the on-state to the gate voltage range 
whose MOS capacitor in the off-state can be said to be proportional to the increment or 
decrement of the source voltage. For example, taking a specific example of the n-MOS 
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transistor Nil shown in Figure 1 A, a gate voltage range of the on-state n-MOS transistor 
Nil refers to a gate voltage range from the threshold gate voltage Vt of the n-MOS 
transistor N 1 1 to the source voltage, and a gate voltage range of the off-state n-MOS 
transistor N 1 1 refers to a gate voltage range from the ground voltage to the threshold 
gate voltage Vt of the n-MOS transistor Nil. 

Here, because the threshold gate voltage Vt is constant in relation to the source 
voltage, the gate voltage range of the off-state n-MOS transistor Nil is constant in 
relation to fluctuations in the source voltage. In contrast, the gate voltage range of the 
on-state n-MOS transistor Nil changes by an amount equal to a change in source 
voltage. The result is that the ratio of the gate voltage range of an on-state MOS 
capacitor to the gate voltage range of an off-state MOS capacitor becomes proportional 
to incremental or decremental change in the source voltage. 

As explained above, according to Embodiment 1, because the MOS capacitors 
are set to the off-state in the initial stage and are made to change to the on-state based on 
a target logic signal, it is not only possible to obtain a required delay time but to contain 
the source-voltage dependency of the delay time. Therefore, even if the source voltage 
decreases, delay times are not excessively increased, and it enables to match the delay 
characteristics of a delay circuit (i.e., dependency on the source voltage) and the delay 
characteristics of the logic circuits that drive the wiring load. Thus, it enables to maintain 
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stable timing of signals transmitted through the delay circuit and other logic circuits, 
thereby preventing erroneous actions of circuits that operate by receiving such signals. 

Embodiment 2 

Embodiment 2 will be explained in the following. 

Figure 2 shows a structure of a delay circuit in Embodiment 2. 

In Embodiment 1 described above, the delay circuit depends on a MOS 
capacitor comprised by a p-MOS transistor in the output section of an inverter whose 
output signal changes from the high level to the low level according to the nature of a 
logic signal SIN, and on an n-MOS capacitor comprised by an n-MOS transistor in the 
output section of an inverter whose output signal changes from the low level to the high 
level, but in Embodiment 2, an MOS capacitor is provided in either the output section of 
an inverter whose output signal changes from the high level to the low level or the 
output section of an inverter whose output signal changes from the low level to the high 
level according to the nature of a logic signal SIN. 

Figure 2 shows an example of the structure of the delay circuit in Embodiment 

2. 

The example shown in Figure 2 A, n-MOS transistors Nl 1, N12 serving as 
MOS capacitors shown in Figure 1 A are eliminated, and high-Vt p-MOS transistors PI 1 , 
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PI 2 only are used. 

According to this structure, when the output signal from the inverters V 1 1 , VI 3 
changes from the high level to the low level, p-MOS transistors Pll, P12 change from 
the off-state to the on-state, and values of the MOS capacitors change in the direction of 
increasing value in the transition period of the output signal from the inverters. 
Therefore, a delay circuit having less dependency on the source voltage has been 
realized using only p-MOS transistors as MOS capacitors, and, furthermore, the circuit 
configuration can be made simpler compared with the structure shown in Figure 1 A. 

In the example shown in Figure 2B, p-MOS transistors PI 1, P12 serving as 
MOS capacitors shown in Figure 1A are eliminated, and only n-MOS transistors N21, 
N22 of high-Vt are used. 

According to this structure, when the output signal from the inverters VI 1, VI 3 
changes from the low level to the high level, n-MOS transistors N21, N22 change from 
the off-state to the on-state, and in the transition period of the output signal from the 
inverters, values of the MOS capacitors change in the direction of increasing value. 
Therefore, a delay circuit having less dependency on the source voltage has been 
realized using only N-MOS transistors as MOS capacitors, and, furthermore, the circuit 
configuration can be made simpler compared with the structure shown in Figure IB. 
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Embodiment 3 

Embodiment 3 will be explained in the following. 

Figure 3 shows a structure of a delay circuit in Embodiment 3. 

In the example shown in the diagram, p-MOS transistors Pll, P12 shown in 
Figure 1 A to serve as the MOS capacitors are replaced with n-MOS transistors N31, 
N32 of high-Vt, and n-MOS transistors Nil, N12 are replaced with p-MOS transistors 
31,P32ofhigh-Vt. 

Here, the drain and source of n-MOS transistors N31 are connected in common 
to the output section of the inverter Vll, and the drain and source of n-MOS transistor 
N32 are connected to the output section of the inverter V13, and the gate terminals of 
n-MOS transistors N3 1 , N32 are both fixed at the source voltage VDD. Also, the drain 
and source of p-MOS transistor P31 are connected to the output section of the inverter 
VI 2, and the drain and source of p-MOS transistor P32 are connected to the output 
section of the inverter V14, and the gate terminals of the p-MOS transistors P31, P32 are 
both fixed at the source voltage VDD. That is, the source and drain of an n-MOS 
transistor to serve as a MOS capacitor are connected to a node situated on the 
transmission path of a logic signal SIN, where the logic level of a logic signal SIN 
changes from the high level to the low level, and the gate is fixed at the source voltage. 
Similarly, the source and drain of a p-MOS transistor to serve as a MOS capacitor are 
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connected to a node situated on the transmission path of a logic signal SIN, where the 
logic level of the logic signal SIN changes from the low level to the high level, and the 
gate is fixed to the ground. 

According to this structure, when the output signal from the inverters VI 1, VI 3 
changes from the high level to the low level, n-MOS transistors N3 1, N32 change from 
the off-state to the on-state, and a value of the MOS capacitor changes in the direction of 
increasing value in the transition period of the output signal from the inverters. Also, 
when the output signal from the inverters VI 2, V14 changes from the low level to the 
high level, p-MOS transistors P31, P32 change from the off-state to the on-state, and a 
value of the MOS capacitor changes in the direction of increasing value in the transition 
period of the output signal from the inverters. Therefore, similar to the case of the delay 
circuit shown in Figure 1 A in Embodiment 1 , it enables to realize a delay circuit having 
small dependency on the source voltage. 

Further, in line with the correlating structures shown in Figures 1 A and 3, the 
p-MOS transistors P21, P22 and the n-MOS transistors N21, N22 shown in Figure IB 
may be replaced with the n-MOS transistors N31, N32 and the p-MOS transistors P31, 
P32 shown in Figure 3B. Also, though not explained especially, MOS transistors may be 
used that have the source and drain connected to the output section of each inverter and 
the gate is fixed at the source voltage or ground potential may be used to serve as MOS 
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capacitors. 

Embodiment 4 

Embodiment 4 will be explained in the following. 

Figure 4 shows a structure of a delay circuit in Embodiment 4. 

This delay circuit is derived from the delay circuit shown in Figure 2B, and by 
providing NAND-gates V43 5 V45 on the transmission path of the delay circuit, the 
circuit is designed so that, when the logic signal reverts to the high level, the internal 
state of the delay circuit is returned rapidly to the original state. 

In the diagram shown, the inverters V41, V42 and the n-MOS transistor N41 of 
high-Vt construct a delay path based on the same concept illustrated in Figure 2B ? and 
the delay circuit operates by delaying a logic signal SIN and inputting the signal into one 
input section of the NAND-gate 43. The other input section of the NAND-gate 43 
receives the logic signal SIN directly. The NAND-gate 43, n-MOS transistor N42 of 
high-Vt and the inverter V44 also construct a delay circuit based on the concept 
illustrated in Figure 2B, and the delay circuit operates by delaying a logic signal SIN and 
inputting the signal into one input section of the NAND-gate 45. The other input section 
of the NAND-gate 45 receives the logic signal SIN directly. The output signal from the 
NAND-gate 45 is input in the inverter V46 and is output as signal SOUT. 
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In Embodiment 4, the logic signal SIN is at the high level in the initial stage, 
and when the logic signal changes from this state to the low level, this logic signal SIN 
transmits through the delay circuit comprised by the inverter 41, n-MOS transistor N41 
and inverter V42, and through the delay circuit comprised by the NAND-gate V43, 
n-MOS transistor N42 and inverter V44, and is input in the NAND-gate V45, and 
transmits through the NAND-gate V45 and the inverter V46 to be output as signal SOUT. 
In this manner, the logic signal SIN is delayed and is output as signal SOUT. 

In contrast, when the logic signal SIN changes from the low level to the high 
level, the output signal from the NAND-gates V43, V44 is forced to the low level, and 
the internal state of the delay circuit is quickly reverted to the initial state. 

Therefore, according to Embodiment 4, the delay circuit enables to delay a 
target logic signal SIN at the low level effectively while containing the source-voltage 
dependency, and further, to quickly prepare for the next low level logic signal SIN. 

Embodiment 5 

Embodiment 5 will be explained in the following. 

Figure 5 shows a structure of a delay circuit in Embodiment 5. 

Embodiments 1 to 4 presented above are designed to target either the low level 
or the high level as the delay target, but the delay circuit in Embodiment 5 is designed to 
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delay signals of both high and low levels. 

The delay circuit shown in Figure 5 is comprised by an inverter V5 1 for 
inputting a logic signal SIN; delay systems D51, D52 for delaying low level signals; 
delay systems D53, 54 for delaying high level signals; p-MOS transistors P51, 52; and 
n-MOS transistors N51, 52. The delay systems D51 5 52 have the same structure as that 
shown in Figure IB, and the delay systems D53, 54 have the same structure as that 
shown in Figure 1 A. 

The structure will be explained specifically. 

The output section of the inverter V5 1 is connected to the input section of the 
delay system D5 1 , and the output section of the delay system D5 1 is connected to the 
input section of the delay system D52. Also, the output section of the inverter V51 is 
connected to the input section of the delay system D53, and the output section of the 
delay system D53 is connected to the input section of the delay system D54. The source 
of the p-MOS transistor P51 is connected to the power source, and the gate is connected 
to the output section of the delay system D52. The source of the p-MOS transistor P52 is 
connected to the drain of the p-MOS transistor P51, and the gate is connected to the 
output section of the delay system D53. The source of the n-MOS transistor N52 is 
connected to the ground, and the gate is connected to the output section of the delay 
system D54. The source of the n-MOS transistor N52 is connected to the drain of the 
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n-MOS transistor N5 1 , and the gate is connected to the output section of the delay 
system D5 1 . The junction point of the drain of the p-MOS transistor P52 and the drain of 
the n-MOS transistor N52 serve as the output section of this delay circuit. 

Next, the operation of the delay circuit in Embodiment 5 will be explained. 

When a logic signal SIN changes from the low level to the high level, the 
output signal from the inverter V51 changes from the high level to the low level. The 
output signal from the inverter V5 1 is delayed by the delay system D51 and is input in 
the gate of the n-MOS transistor N52 to switch the n-MOS transistor N52 to the off-state, 
and is delayed further by the delay system D52 and is input in the gate of the p-MOS 
transistor P51 to switch the p-MOS transistor P51 to the on-state. In the meantime, the 
output signal from the inverter V51 is delayed by the delay system D53 and is input in 
the gate of the p-MOS transistor P52 to switch the p-MOS transistor P52 to the on-state, 
and is delayed further by the delay system D54 and is input in the gate of the n-MOS 
transistor N5 1 to switch the n-MOS transistor N51 to the off-state. 

Here, focusing the attention on the respective operations of the p-MOS 
transistors PI 1, PI 2 and the n-MOS transistors N51, N52, in the process of controlling 
the p-MOS transistor P51 to attain the on-state, p-MOS transistor P52 and n-MOS 
transistors N52 are controlled first to attain, respectively, the on-state and off-state. 
Therefore, the signal SOUT transmits through the delay systems D51, D52 and attains 
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high level based on the signal input in the p-MOS transistors P51. That is 5 the low level 
output from the inverter V51 is delayed by the delay systems D51, D52, and, based on 
the signal delayed by the delay systems D51, D52, the signal SOUT attains the high 
level. 

Similar to the case described above, when the logic signal SIN changes from 
the high level to the low level, the high level output from the inverter V51 is delayed by 
the delay systems D53, D54, and based on the signal delayed by the delay systems D53, 
D54, the signal SOUT becomes low level. 

According to Embodiment 5, because a delay path targeting the low level and a 
delay path targeting the high level are provided, it enables to process signal changes that 
involve a low to high level change as well as a high to low level change. 

Embodiment 6 

Embodiment 6 will be explained in the following. 

The delay circuits described in Embodiments 1 to 5 are used to simply delay the 
logic level of logic signals, but in Embodiment 6, the circuit is constructed as a pulse 
generation circuit to generate one-shot pulses. 

Figure 6 shows the structure of a pulse generation circuit constructed using a 
delay circuit provided in Embodiment 6. The pulse generation circuit shown in the 
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diagram is comprised by a delay system D61 ; an AND-gate V61 ; a delay system D62; a 
NAND-gate V62; and an AND-gate V63. In this circuit, the delay systems D61, D62 
have the same structure as the circuit shown in Figure 1 A. 
The structure will be explained specifically. 

A logic signal SIN is input in the input section of the delay system D61 . One 
input section of the AND-gate V61 is connected to the output section of the delay 
system D61, and the other input section is given the logic signal SIN. One input section 
of the NAND-gate V62 is connected to the output section of the delay system D62, and 
the other input section is connected to the output section of the AND-gate V61 . One 
input section of the AND-gate V63 is connected to the output section of the NAND-gate 
V62, and the other input section is given the logic signal SIN directly. 

Next, the operation of the circuit in Embodiment 6 will be explained. 

It is assumed that the logic signal SIN is set to the low level, in the initial stage. 
In the initial stage, the signal given from the NAND-gate V61 to the AND-gate V63 is 
set to the low level and the signal SOUT is at the low level. When the logic signal SIN in 
this state changes from the low level to the high level, AND-gate 63 responds and sets 
the signal SOUT to the high level. And, the high level of the logic signal SIN is delayed 
by the delay system D61 and is input in one input section of the AND-gate V61. At this 
time, because the logic signal SIN given directly to the other input section of the 
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AND-gate V61 is already at the high level, the output signal from the AND-gate V61 
changes to the high level based on the signal transmitted through the delay system D61 . 

The output signal from the AND-gate V61 is delayed by the delay system D62 
and is input in one input section of the N AND-gate V62. At this time, because the logic 
signal SIN given from the AND-gate V61 to the other input section of the N AND-gate 
V62 is already at the high level, the output signal from the NAND-gate V62 changes to 
the low level based on the signal transmitted through the delay system D62. The 
AND-gate V63 receives the output signal from the NAND-gate V62 and sets the signal 
SOUT to the low level. The result is that, when the logic signal SIN changes from the 
low level to the high level, the output signal SOUT is a one-shot pulse signal having a 
pulse width corresponding to the delay time through the delay system D62. 

According to Embodiment 6, when the logic signal SIN changes from the low 
level to the high level, a one-shot pulse having a pulse width of controlled 
source- voltage dependency can be generated. Therefore, even if the source- voltage 
decreases, the pulse width can be maintained essentially constant. 

Embodiment 7 

Embodiment 7 will be explained in the following. 

In the examples presented in Embodiment 1-6, biasing method for the substrate 
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of the MOS transistor that comprises MOS capacitor has not been described in particular, 
but according to normal biasing method, the substrate (or the well) of an n-MOS 
transistor to function as a MOS capacitor is biased at the ground potential, and the 
substrate (or the well) of a p-MOS transistor is biased at the source voltage. 

In contrast, in Embodiment 7, by increasing the biasing voltage of the substrate 
of the MOS transistor that comprises a MOS capacitor to utilize the substrate effects, the 
apparent gate threshold voltage is increased. 

Figure 7 shows characteristic sections of the delay circuit in Embodiment 7. 

In this diagram, inverters V71, V72 correspond, for example, to inverters VI 1, 
V12 shown in Figure 1 A described earlier, and p-MOS transistor P72 and n-MOS 
transistor N73 that function as MOS capacitors correspond to p-MOS transistor PI 1 and 
n-MOS transistor Nil. However, the substrate (or the well) of the p-MOS transistor P72 
in this embodiment is biased higher than the source voltage VDD by an amount a to a 
voltage [VDD+ a ], and the substrate (or the well) of the n-MOS transistor N73 is biased 
lower than the ground potential VGND by an amount j3 to a voltage [VDD- j3 ]. The 
constants a and /3 represent the amount of biasing applied on the substrate, and are 
selected according to the gate threshold voltages of required MOS capacitors. 

The substrate of p-MOS transistors that comprise inverters V71, V72 is biased 
at a voltage VD, and the substrate of n-MOS transistor is biased at a voltage VG. Here, 
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the voltage VG is at a source voltage VDD when the semiconductor apparatus equipped 
with the present delay circuit is active, and during the standby period, it is at a value 
[VDD+ a ]. Also, the voltage VG is at the ground potential VGND when active, and is at 
a value [VGND- j3 ] when on standby. 

According to Embodiment 7, by controlling the biasing amount of the substrate 
of MOS capacitor, the gate threshold voltage of a MOS transistor that comprises a MOS 
capacitor can be set to a suitable value. Therefore, there is no need to prepare two kinds 
of gate threshold voltages as basic characteristics of a device itself. 

Embodiment 8 

Embodiment 8 will be explained in the following. 

In the embodiments presented in Embodiments 1-7, delay circuits are 
constructed using MOS capacitors so that delay times are different for high and low 
levels; however, in Embodiment 8, the delay times at high and low levels are made 
different by selecting either high-Vt or low-Vt for the gate threshold voltage of a p-MOS 
transistor and an n-MOS transistor that comprise an inverter in the delay circuit. 

Figure 8A shows characteristic sections of the structure of the delay circuit in 
Embodiment 8. 

As shown in the diagram, the delay circuit targets the high level of the logic 
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signal SIN, and is comprised by an inverter chain having an inverter V81 in series with 
an inverter V82. Here, in accordance with the logic level of a target logic signal, the gate 
threshold voltages of the p-MOS transistor and the n-MOS transistor comprising the 
respective inverters are shifted in opposite directions with respect to standard gate 
threshold voltage. Specifically, the gate threshold voltage of the p-MOS transistor P81 
comprising the inverter V8 1 is set to a high-Vt, and the gate threshold voltage of the 
n-MOS transistor N81 is set to a low-Vt. Also, the gate threshold voltage of a p-MOS 
transistor P82, comprising the inverter V82 connected to the backstage, is set to a low-Vt, 
and the gate threshold voltage of a n-MOS transistor N82 is set to a high-Vt. By so doing, 
the input threshold value of the forestage inverter V81 is set low while the input 
threshold value of the rearstage inverter V82 is set high. 

Further, although the high level logic signal is chosen as the delay target in this 
embodiment, if it is desired to target the low level logic signal, then the forestage 
inverter V81 may be comprised by a p-MOS transistor P81 whose gate threshold voltage 
is set to a low-Vt, and by an n-MOS transistor N8 1 whose gate threshold voltage is set to 
a high-Vt, and also, the backstage inverter V82 connected to the backstage may be 
comprised by a p-MOS transistor P82 whose gate is set to a high-Vt and the gate 
threshold voltage of an n-MOS transistor N82 whose gate threshold voltage is set to a 
low-Vt. 



31 

According to the delay circuit in Embodiment 8, as shown in Figure 8B, using 
the standard input threshold value (0.5 V in this example) as reference, the input 
threshold value of the inverter V81 exhibits a decreasing tendency as the source voltage 
drops, and conversely, the input threshold value of the inverter V82 exhibits an 
increasing tendency as the source voltage drops. Accordingly, in the region of low 
source voltage, the input threshold in the delay circuit decreases and the delay time of a 
high level logic signal SIN becomes shorter relative to the delay time of a low level 
signal. The result is that the delay time of high level logic signal can be delayed, within a 
range of possible delay times, and the source-voltage dependency of the delay time can 
be contained. 

Figure 9 shows a variation of the delay circuit in Embodiment 8. 

In the example shown in the diagram, a chip select signal, for controlling the 
active state or standby state of a semiconductor apparatus, is used to cutoff leak current 
of a low-Vt MOS transistor in the standby state. 

That is, in the diagram, the source for a low-Vt n-MOS transistor comprising an 
inverter V91 and the source of the low-Vt n-MOS transistor comprising an inverter V93 
are connected to the ground by way of a high-Vt n-MOS transistor N91 . Also, the source 
for a low-Vt p-MOS transistor comprising an inverter V92 and the source of the low-Vt 
p-MOS transistor comprising an inverter V94 are connected to the ground by way of a 
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high-Vt p-MOS transistor P91 . 

According to this variation, when the logic signal SIN is fixed at the low level 
during the standby state, n-MOS transistor N91 and p-MOS transistor P91 are set to the 
off-state by means of the chip select signal CS, /CS. In this case, although each of the 
n-MOS transistors comprising the inverter V91 5 V93 become off-state, these are low-Vt 
transistors and are susceptible to generating leak current. However, even if leak current 
is generated in the low-Vt n-MOS transistors, the high-Vt n-MOS transistor N91 is in 
the off state so that the generation of leak current is suppressed. Similarly, during the 
standby state, even if leak current is generated in the low-Vt p-MOS transistors 
comprising the inverter V92, V94, leak current is suppressed by the high-Vt p-MOS 
transistor P91. 

Therefore, according to the first variation, source-voltage dependency is 
contained and it enables to effectively control power consumption during the standby 
state. 

This variation example suppresses source-voltage dependency of the delay time 
by adjusting the input threshold value of each converter, but as in the example shown in 
Embodiment 1, MOS capacitors may be used to suppress source- voltage dependency of 
delay time. 

Figure 10 shows an example of the structure of the variation shown in Figure 9 
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based on the use of MOS capacitors. In this example, MOS capacitors comprised by 
p-MOS transistors P92, P93 and n-MOS transistor N92, N93 are further added to the 
structure used in the above variation. However, the input threshold values of the 
inverters V91-V94 are set to standard values. 

Embodiment 9 

Embodiment 9 will be explained in the following. 

The pulse generation circuit in Embodiment 6. is constructed using the delay 
circuit shown in Embodiment 1 , but in Embodiment 9, in addition to the delay circuit of 
this type, low-Vt transistors are used to construct a pulse generation circuit that does not 
produce voltage-dependent pulse width and can operate at high speeds. 

Figure 1 1 shows the structure of the pulse generation circuit in Embodiment 9. 
The pulse generation circuit is comprised by a delay circuit Dl 1 ; a NAND circuit Gil; 
and a logic circuit Rl 1 . The delay circuit Dl 1 is constructed in the same way as the 
delay circuit shown in Embodiment 1, and is comprised by: an inverter VI 101 
comprised by a p-MOS transistor PI 101 and an n-MOS transistor Nl 101 ; a MOS 
capacitor comprised by a p-MOS transistor PI 102; an inverter VI 102 comprised by a 
p-MOS transistor PI 103 and an n-MOS transistor Nl 102; a MOS capacitor comprised 
by an n-MOS transistor Nil 03; an inverter VI 103 comprised by a p-MOS transistor 
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PI 104 and an n-MOS transistor Nl 104; and a MOS capacitor comprised by a p-MOS 
transistor PI 105. 

Here, an input signal SIN is input in the input section of the inverter VI 101 . 
The gate of the p-MOS transistor PI 102 is connected to the output section of the inverter 
VI 101, and the source and drain are connected to the power source. Also, the input 
section of the inverter 1102 is connected to the output section of the inverter 1 101 
described above. The gate of the n-MOS transistor Nl 103 is connected to the output 
section of the inverter VI 102, and the source and drain are grounded. Further, the input 
section of the inverter VI 103 is connected to the output section of the inverter VI 102. 
The gate of the p-MOS transistor PI 105 is connected to the output section of the inverter 
VI 103, and the source and drain are connected to the power source. 

The NAND-gate Gil is comprised by: p-MOS transistors P1106, P1107 
connected in parallel between the output node B and the power source; n-MOS 
transistors N 1105, Nil 06 connected in series between the output node B and the ground. 
An input signal SIN is input in the gate terminals of the p-MOS transistor PI 106 and the 
n-MOS transistor Nil 05, and an output signal from the delay circuit Dll is input in the 
gate terminals of the p-MOS transistor PI 107 and the n-MOS transistor Nl 106. 

The logic circuit Rl 1 is comprised by a 3 -stage inverter chain containing 
inverters VI 104, VI 105 and VI 106. Here, the inverter VI 104 is comprised by a p-MOS 
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transistor PI 108 and an n-MOS transistor N1107; the inverter VI 105 is comprised by a 
p-MOS transistor P1109 and an n-MOS transistor Nil 08; and the inverter V1106 is 
comprised by a p-MOS transistor PI 1 10 and an n-MOS transistor Nl 109. This logic 
circuit Rll represents a circuit to control the output state of the pulses generated in the 
pulse generation circuit, and is not limited to the inverter chain. 

In the structure of the pulse generation circuit described above, the gate 
threshold voltages Vt of the n-MOS transistors N1101, N1104, N1105, N1108 and the 
p-MOS transistors PI 103, PI 108, PI 110 are set low, and the gate threshold voltages of 
other transistors are set to the standard value. 

In the following, the operation of the pulse generation circuit in Embodiment 9 
will be explained with reference to the waveforms shown in Figure 12. First, prior to 
time tOl , the input signal SIN is at the low level. In this state, the high level appears at 
the output node A of the delay circuit Dll, and the high level appears also in the output 
node B of the NAND-gate Gil while the output signal SOUT is at the low level. When 
the input signal SIN changes to the high level at time tOl, the n-MOS transistor Nl 105 
receiving the input signal SIN in the gate becomes on-state. 

At this instant, the change in the input signal SIN has not yet appeared at the 
output node A, so that the high level is being maintained and the n-MOS transistor 
Nl 106 is in the on-state. Therefore, the output node B of the NAND-gate Gl 1 is driven 
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to the low level through the n-MOS transistors N1105, 1 106. The logic circuit Rl 1 
receives the low level appearing in the output node B, and the high level is output as the 
output signal SOUT after an interval tS elapses from time tOl. 

Next, after a delay time given by the delay circuit D 1 1 has elapsed from time 
tOl, the delay circuit Dll outputs the low level to the output node A. The NAND-gate 
Gil receiving this low level outputs the high level to the output node B. The logic 
circuit Rl 1 receiving this high level outputs the low level as the output signal SOUT 
after an interval tE elapses from time t02. 

Here, the time interval between an event of output signal becoming high level 
and an event of reverting to low level is given by a sum of the delay times given in the 
delay circuit Dl 1, in the NAND-gate Gil and in the logic circuit Rl 1, but the delay 
times in the NAND-gate Gl 1 and the logic circuit Rl 1 are kept sufficient low compared 
with the delay time in the delay circuit Dl 1 . By so doing, by having the input signal SIN 
change to the high level at time tOl, it is possible to output an output signal SOUT 
having a pulse width corresponding to the delay time of the delay circuit Dll. 

It should be noted that, according to the pulse generation circuit, when the input 
signal SIN changes to the high level, the low-Vt n-MOS transistor Nil 05, the low-Vt 
p-MOS transistor PI 108, the low-Vt n-MOS transistor Nl 108, and the low-Vt p-MOS 
transistor PI 1 10 successively change to the on-state and the output signal SOUT is 
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output at the high level. Therefore, the time interval tS is shortened so that the output 
signal SOUT can be produced quickly. Further, because the pulse width of the output 
signal SOUT is governed by the delay time produced in the delay circuit Dl 1 having 
mild voltage-dependency, it is possible to reduce the voltage-dependency of the pulse 
width. 

In Figure 12, the waveforms are shown, as reference, in order to illustrate the 
characteristics of the waveforms produced when all the gate threshold voltages of the 
transistors are set to the standard value in the delay circuit structure shown in Figure 1 1 . 
In such a case, the time for the output signal SOUT to attain the high level is delayed so 
that the merit of speedy response is lost. Also, because the delay time in the logic circuit 
Rl 1 increases, the pulse width tends to become more sensitive to the source- voltage. 
Therefore, high speed as well as stability are enabled by combining the low-Vt 
transistors as shown in Figure 1 1 . 

Figure 13 shows the voltage-dependent behavior of the delay interval tpd (tS, 
tE) in the pulse generation circuit. In the graph, the solid lines show the case of using 
low-Vt transistors, and the dotted lines show the case of using only standard- Vt 
transistors. As can be understood from the graph, for either time interval tS or tE, the 
slopes of the characteristic curves produced by low-Vt transistors are milder, indicating 
that the voltage-dependency has been decreased. Furthermore, when low-Vt transistors 
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are used, the time interval tS between the events of change of input signal SIN and 
change of output signal SOUT has been reduced even more to indicate that the output 
signal is generated at high speed. 

Embodiment 10 

Embodiment 10 will be explained in the following. 

In Embodiment 9 described above, the pulse generation circuit was constructed 
so that a pulse signal is generated when an input signal SIN changes to the high level, 
but in Embodiment 10, a timing adjustment circuit is provided such that, when an input 
signal SIN is input at the high level, the timing adjustment circuit delays this input signal 
SIN to adjust the pulse generation timing. 

Figure 14 shows the structure of the timing adjustment circuit in Embodiment 
10. The timing adjustment circuit is comprised by: a delay circuit D14; a NAND-gate 
G14; and an AND-gate R14. The delay circuit D14 is comprised by: an inverter V1401 
comprised by a p-MOS transistor PI 401 and an n-MOS transistor N1401 ; a MOS 
capacitor comprised by a p-MOS transistor PI 402; an inverter VI 402 comprised by a 
p-MOS transistor P1403 and an n-MOS transistor N1402; and a MOS capacitor 
comprised by an n-MOS transistor N 1403. These components are connected in the same 
manner as in the delay circuit Dl 1 described in Embodiment 9. 
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The NAND-gate G14 is comprised by: a p-MOS transistors P1404, P1405 
connected in parallel between the output node D and the power source; and n-MOS 
transistors N 1404, N1405 connected in series between the output node D and the 
ground. An input signal SIN is input in the gate terminals of the p-MOS transistor PI 405 
and the n-MOS transistor N1404, and an output signal from the delay circuit D14 is 
input in the gate terminals of the p-MOS transistor PI 404 and the n-MOS transistor 
N1405. 

The logic circuit R14 is comprised by a 3-stage inverter chain containing 
inverters VI 403, VI 404 and VI 405. Here, the inverter VI 403 is comprised by a p-MOS 
transistor P1406 and an n-MOS transistor N1406; the inverter V1404 is comprised by a 
p-MOS transistor P1407 and an n-MOS transistor N1407; and the inverter V1405 is 
comprised by a p-MOS transistor PI 408 and an n-MOS transistor N1408. This Logic 
circuit R14, similar to the Logic circuit Rl 1 described in Embodiment 9, represents a 
circuit to control the output state of the pulses generated in the pulse generation circuit, 
and is not limited to the inverter chain. Also, in the structure of the timing adjustment 
circuit described above, the gate threshold voltages Vt of the n-MOS transistors N1401, 
N1405, N1406, N1408 and the p-MOS transistors P1403, P1405, P1407 are set low, and 
the gate threshold voltages of other transistors are set to the standard value. . 

In the following, the operation of the timing adjustment circuit in Embodiment 
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10 will be explained with reference to the waveforms shown in Figure 15. 

Prior to time til, the input signal SIN is at the high level. In this state, the high 
level appears at the output node C of the delay circuit D14, and the low level appears in 
the output node D of the NAND-gate G14, and the output signal SOUT is at the high 
level. When the input signal SIN changes to the low level at time til, the p-MOS 
transistor Pi 405 receiving the input signal SIN in the gate becomes on-state, and the 
high level appears in the output node D. The Logic circuit R14 receiving this high level 
outputs a low level signal SOUT after a time interval tS elapses from time til. 

Next, after a delay time given by the delay circuit D14 has elapsed from time 
til, the delay circuit D14 outputs the low level to the output node C. The p-MOS 
transistor PI 404 of the NAND-gate G14 receiving this low level signal becomes on-state, 
but because the p-MOS transistor PI 404 is already in the on-state, the level of the output 
node is maintained at the high level. Therefore, even if a low level signal appears in the 
output node of the delay circuit D14, the output signal SOUT does not change. 

Next, at time tl2, when the input signal ISN changes to the high level, the 
n-MOS transistor N1404 receiving this signal in the gate becomes on-state. However, 
because the low level signal is appearing in the output node C of the delay circuit D14 at 
this time, the n-MOS transistor N1405 receiving this signal in the gate is in the off-state. 
Therefore, the output node D maintains the high level. 
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Next, after a delay time given by the delay circuit D14 has elapsed from time 
tl2, the delay circuit D14 outputs the high level to the output node C. The n-MOS 
transistor N1405 receiving this high level in the gate becomes on-state. At this time, 
because the n-MOS transistor N1404 is already in the on-state, the output node D is 
driven to the low level through the n-MOS transistors N1404, N1405. The Logic circuit 
R14 receiving this low level signal outputs it as the signal SOUT after a time interval tE 
elapses from the time tl2. 

Here, the time interval between an event of input signal SIN changing to the 
high level and an event of output signal SOUT changing to the high level, is given by a 
sum of the delay times given in the delay circuit Dl 1, in the NAND-gate G14 and in the 
Logic circuit R14, but the delay times in the NAND-gate G14 and the Logic circuit R14 
are kept sufficient low compared with the delay time in the delay circuit D14. By so 
doing, the time interval tE between an event of input signal SIN changing to the high 
level at time tl2 to an even of output signal SOUT changing to the high level, is 
governed by the delay time in the delay circuit D14, which has low dependence on the 
source voltage. Therefore, the source-voltage dependency of time interval tE is 
decreased. 

Also, when the input signal SIN changes to the low level at time til, the low-Vt 
p-MOS transistor P1405, the low-Vt n-MOS transistor N 1406, the low-Vt p-MOS 



42 

transistor PI 407, and the low-Vt n-MOS transistor N1408 successively change to the 
on-state, and the output signal SOUT is output at the low level. Therefore, the time 
interval tS is shortened so that the output signal SOUT can be produced quickly. 

Also, in Figure 15, the waveforms shown by dotted lines illustrate the case of 
setting the gate threshold voltages of all the transistors to the standard value in the circuit 
structure shown in Figure 14. In this case, the time interval tS of the output signal SOUT 
changing to the low level is increased, and the speed is lost. Also, because the delay time 
in the delay circuit R14 increases, the source-voltage dependency of the pulse width 
shows a tendency to increase. Therefore, speed as well as stability can be secured by 
combining low-Vt transistors as shown in Figure 14. 

Although the present invention has been explained above using various 
embodiments, the present invention is not limited to those embodied examples, and 
includes those design changes and the like that fall within the essence of the present 
invention. 

For example, in Embodiment 9, a pulse is generated with an input signal SIN 
changes to the high level, but the circuit may be arranged so that a pulse is generated 
when the input signal changes to the low level. 

Also, in Embodiment 10, an input signal is delayed when the input signal 
changes to the high level, but delay may be effected when the signal changes to the low 
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level. 

Further, a gating circuit may be provided to degrade output signals from the 
delay circuit so as to produce a design that inactivates the circuit during the standby 
period. 



